PVFn, is a polymer which exhibits a strong and commercially important piezoelectric effect.'-3
The crystals formed from the melt are in the antiferroelectric a phase, and the polymer must be stretched and poled to convert these crystals to the piezoelectric and ferroelectric $ phase. The $ phase has a trans configuration of the C-C-chains, with protons on one side and fluorines on the other.
This arrangement provides a large spontaneous polarization which is significantly altered by stress and which can be reversed by a strong electric field.
Therefore it is piezoelectric and ferroelectric. It exhibits no transition to a nonferroelectric state because it melts near 180 OC before such a state is reached. When random copolymers of VFZ and TrFE are made, the TrFE imparts desirable properties to the copolymer.
First, the copolymer with over 15 mole Ri TrFE crystallizes into the $ phase directly,e-a without stretching, so only poling is needed to make it macroscopically piezoelectric.
Second, a higher degree of crystallinity can be obtained,9 and it is the crystalline portion which is piezoelectric.
Third, the ferroelectric transition is accessible for study because it falls below the melting point for over 15 mole Ri TrFE.10
The structure of the high-temperature (paraelectric) phase of 149 these copolymers is believed to be disordered hexagonal, thereby showing some similarity to the hexagonal structure of pure PTrFE polymer The deuterated sample was prepared by Janet Kometani and R. E. Cais at ATT-Bell Labs at Murray Hill. We used a Chemagnetics NMR system operating at a deuteron resonant frequency of about 30 MHz, with 90° pulse time of 2.8 microseconds. We used a 90x-9Oy quadrupolar echo technique to find the spectra and spin-spin relaxation time Te. We employed a sequence of such pulse pairs to find the spin-lattice relaxation time TI. Unfortunately, the software limited the pulse pair repetition time to 90 milliseconds or longer.
At 90 msec separation no saturation could be observed for the paraelectric phase signal, so we were unable to determine T I , other than to note that it must be shorter than about 30 milliseconds.
The most striking feature of our results was that, while the ferroelectric crystalline phase showed a static "Pake doublet" powder pattern, the paraelectric crystalline phase showed a pattern of similar shape but 1/3 as wide. This was interpreted as resulting from motional narrowing caused by C-D bonds making tetrahedral angles with the chain axis at all times, but rotating about that axis so as to average the electric field gradient tensor components perpendicular to the chain axis. The structure most likely to give such a spectrum is a disordered helical chain, with kink-3-bond defects13 running up and down the chain and thereby rotating the C-D bonds by 1200 steps about the chain.
To study the dynamics of the paraelectric phase, we are making deuteron TI measurements in that phase and will compare these results with predictions of an analytic model presented below. We plan to make Monte Carlo simulations of the chain dynamics to look for deviations from this simple dynamic model. For a model of the polymer chain in the paraelectric phase, we believe as discussed above that there are short helical chain segments connected by mobile kink-3-bond defects. As illustrated in Fig. 1 , the defect can move to a new location, thereby shortening one (say clockwise) chain segment by one turn and lengthening an adjacent (counterclockwise) segment by one turn. At the boundary, according to the chain-axis projection in Pig. 1, the chain center would move from the center of one equilateral triangle to an adjacent triangle. Because of the constraints of neighboring chains, the chain axis would relax in one or two lattice spaces back to the average position midway between the two triangle centers.
These constraints make it unlikely that two kinks will get so close together that in the projection shown in Fig. 1, two adjacent bond projections will lie along The last expression is obtained by substituting V3=-Vi-Vz.
To find the efg tensor components in a reference frame in which Vzr is along the static magnetic field Ho, as required for quadrupole-perturbed NMR, we assume the efg is axially symmetric ( q = O ) with its principal axis along the C-D bond which is assumed to make the tetrahedral angle (cosa=-1/3) with the chain axis. If HO is along this bond axis, eQVzz/h (the quadrupolar coupling constant) is 156.7 kHz, which for the 1=1 deuteron is 2/3 of the maximum splitting 235.1 kHz of the resonance lines for the deuteron powder pattern. Here e is proton charge, Q is deuteron electric quadrupole moment, and h is Planck's constant.
For arbitrary HO direction, it is necessary to rotate the coordinate system from z along the bond axis through the tetrahedral angle so that z is along the chain axis.
Next the coordinate system must be rotated about the chain axis until the y axis lies along the projection of HO onto a plane perpendicular to the chain axis.
Finally the z axis must be rotated until it is along Ho. The efg tensor, which starts in a simple diagonal representation, must be transformed by these rotations until it is in the HO frame. We have not yet performed this integration, but for a rough idea of its value, we evaluate TI at the middle of the integration range, namely 8=90°, 0~3 0 0 . We obtain w=5. 68x1010T1 /sec2 .
(8)
So far, we only know that TI <30 msec, so if in Eq.
(1) we assume f o = k b / h , and assume Debye temperature 00 of 300 K, then at our highest temperature of measurement, 140 OC, we have a lower limit on the activation energy sum of
